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^y^SPt. ^1(73=3-7^^ yi/|f|5±(Ct3ttlti^t-r (7)LED^2/^±(::^l(Dn-7^^yj?'g|5t LT^*> 

5^2(Dn^7^^y^|f|5i-t-5riiCj:oTLED^S/ L^;^$*/c„ 2 Wn-r^ y^^'IfP 

7°;5^?3gctii$ix5)t(7))feIt§fi^^^K6^{-ffiM$*5^ tLT. '>!;=3->:ftrflg(7)Stt-^(r (Re,-, Sm«) 3 

t(Cj:oT^3tg^W-feIitpf3^{gM^*5t*(-^)t (Al,-, Ga,) sO,2 : Ce^^tlK^tt^-tirfct 

:Lh±^Xt^. t(Dtz.}b. ftlt^ro^fflfCtJV^T'blSTt [0 0 2 6] ^ IcDn-r^ yi/i^2ro3-T^ ^i/ 

[0 0 2 1] 20 i(Dn~^^y^'%(j^^mK mm:mmm^hn.xm 

%m^h^m'Ktm-&mmfmh-fi^t it^^ticx^M2(D^-^4y^-^^^(D^mw.^ 

wx^^^t^mL^mm^^i-ic^-^tc. m ^kd^^-t^ ^ ymxh^^^^^'ymmmM 

[0 0 2 2] mmmm^^^x. mt^^^^ Rtmitm • (sp^^^a^Ltf^^-rsr t/js^tSo 

(A) ic^>ti.o\^ (a) . (b) . (c) . (d) . T. :^mmm(Dmf^m^i^-^^'xmmi-^. 

(e) . (f) (D$n<1i^;i:^g(^i!Jcffl§tl-5o ^<©J: [0 0 2 7] (n-T^y^~g|51 0 1. 1 0 2. 2 0 

ofmt. ^mwr^tt^titc^-'r^y'^fu^mT^ 30 1. 202. 401. 402) *Miii^<73=3-7^^>if 

1iklii^ix^m^mm^'m^t"mm^M<^J:^m\^ Xh6o ^-"r^y^'^li. LEDf-->yj:(;:iS(tf3ti 

h^mim^j:^. mtihi^^-fiiZttfj:^. m^^ox&m^timmm^-tmmwi:tm 

(d) . (e) (Dmmxitmmm'tc)fyhEBf-^y m'^m^f£ifX'h?>o ^'-rtucLxh^-y^^y^^ 

■fi>h(D^mm'«\^i:-oxm^m^tii,m$r< LED^y^^^h(Dnm^<Dnmmmm^^^ 

mmmm(DtQ<BmLmiii^^m (f) fes.. x^y^-gpti. ^7fetig/4^^^$ti/tw<e5jiff^«i l 

rroi^^jr^'ijLED^s'^JlffliT^felltrfjlgHlc/jjS 40 t.t(D^^ thEB=f-yfi^hmm^ti±^(Dm^m 
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fcSo Lfcti^X. mMm<D^^i^G d(DmjS.htX^M 
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U^WM^m^o Mzyyy-;;7.tLxyy\\iry^ 
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[0 0 3 7] y^mmM<Dm%mw\^i3^'x. ikmn 



5 0,2 : C e*)t*^^'g'$-frTRGBC0Sfi^5)-^Jt ±IS)tiSftf±4 0 0 n mli(± 5 3 0 n mJ^^T^J^^?* U 



*SI§?q(^lV^6ix5LEDf-i/7'tfi. m^tlK^a Sfcfci^li. 4 5 0 nmJ[i(±4 7 5nmJJilT;45$f,(^$f 

G a N^cD^^if^^^^l t L-CffM^ ^tffiX^ ^^Witt^ hED^Vf^-mi^W^W^^^^t hX 

5, ^=i^mwmmt\.x\t. mi sg^. p in^^^ r©^^. e^^i. *fe-^Mfe?:eif-;5s^3fe^Hi 

:7V^-^rD1iBfe©t©Wf^tl5o [0 0 4 3] (-^i^y h • y- Ki o 4) -rt>y b • y 

^ro?SB%S{icto-CB3feS;6^a^lS^t5rt;i5-c# -K104(±. LEDf-^/^l 0 3 ^EE^*^ 

[0 0 3 9] mt-ff') ^ m{t^m'=^mw^mmhfzM 20 ^w- 3-Y^hEE>^y^(D^mmhLxnm 

^^i^SW-fif-^r^i'. ;^fc°:t>;K SiC. s 5#^{c*5V^rfi. +^3V^«^e^ttt7Kyr^ >^'!7 
y i>i^^ff^i*$*5fcfe(c(4t77-r-t*«*fflv^?):: [0 0 4 4] ■ y-K(»jl.f*W/rlftiffifeii L 

t;5S^f*LV\ r(Df-7 7-f-tSK±tGaN. AIN T{± 3 0 0 <u Q c mii/lT;5W* L < . J;f9^ftL<{±. 

^©/^5/7 7-SWfiT-ffML^(7)±}Cp ng^-g-^^ 3 n Q c mJi^TT'fe5„ -v-J^y . y-K±t^i 

■rS^lt^'y -^A^^I^^ffM^-frSo S{t;«fy iC^LED^^/^^fflStS^^fi. LEDf^^/y^J^^ 

•to %%^m\^^^^ifi:m^<Dnm.m^^') So 0. 0 1 c a 1 / c m V c m/°Ciii 

¥#|ijf^ffM$*S#^tt. nSK-/^yh<bLTS ±;4S^* L< <t ^* L< i± 0. 5cal/cmVc 
i. Ge. Se. Te, Cm^m'mXt^^tifiU% 30 m/'CJJi±T-fe5o ^^h(D0kWimtz.-tm^hLX 

Lv\ p§y^ft;ify -^A^i^^iijr^ffM^^s^^ fi. m. mx^ms ^x^m. ^^7^x/N°^-y 

tt, pSK-^^°>KT'feSZn. Mg. Be. Ca. S ¥l^^y I y ^^t^mi hh.^o 

r. Ba^^K-y^itSo [0 0 4 5] K • y " K 1 0 5 ) ^ • y 

[0 0 4 0] mitiJ y -^.^{b-a-i^H^^f^fi. p m k- - k i o 5 i l-c{±. > h • y - k 1 0 4 ±(^ifit 

y h ^ K-^ L fcfc (ttii p Mft L t < V ^fcfe p S K $ ixfc L E D ^ 5/ y 1 0 3 t $ tlfc^flltt !7 ^ -t- 

7 X-rBS|t^(^ J; 19 7^-;^-rs ri-CpMft^HirS:: WLE D^yyi:mntcm^ii. #Bi»[4!7^ ■t-^± 

y ym'^M?^mMmf£ifm\''xmm<Dm<D^m 40 -^^ • y - K^y-r -t-^'^T^^- y^'^^^mmm 

[0 0 4 1 ] 7j)^t. ffM$ixfcH^?i#:'>^/N-^?r^V "9 Sltifc^ • y - Kigli$i^S^Stt'7^ ^r- 

fy-l^^^g.m-7^i^^yht^f)\X\iJ}9tmi:'0h E©fi$(l. ^'ttt^#«LT l . 6 SJ^;(± i 0 SiilT 
oT^^flJ'>::n/N-^tl5„ fcSVMl. 10 0 4 6] -(^i—' y - K©5feiffig|5^a* (Off^^bct^ 

ni/N-(^^sa6-ciBv^7^7^y7^> (w Mi^i-i '^^mwx'mxnhm^mf&^^xi,i:<. ^i^i^ 

^^tio-o^/N-^fiji?^^ xoy^yi--' y-KMM$-frfctt^>-^" • y- 
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[0 0 4 7] ^y-t-- y-K(±. ^Btty^i'-T'fe 
OO/zQcmiJlT/j50SL<. j:t?ff*L<(i3/iQc 

[0 04 8] 106) nrnmrnm 

iLTfiO. 0 1 c a 1 / c m V c m/°Clil,±;iW* 
L<. j;(9^f*L<(±0. 5 c a l/cmVcm/°C 

-ro^-g-. $f*t<f±. it^Dl O^mlJAi. <I)4 5/i 

^^ li^ 7 5 A ^ O^MS 0^ tl 

y T ^ > ^mi- i o (cgEgl $ it 5 r ^5 X- 1 
[0 04 9] KW 107) 1 0 

r ^ y ^"^(5 1 0 2 T'.e if^^a5d^f.{*-i-r Sfcfc Wfiit^ 

Igtt5rt^5-et5„ ^-7UKg|5*ti 0 7tt, ^wm 

§f5tt-^HffM(7)ff^^(c-r 5 - t i o T L E D ^ -7 e 

[0 0 5 0] Kg|5WwJ:f*I^W*4ir LT(1. ±ir 

LTniTK^i^^lflg. ^yriSSI. ^>y :3-y;^eir'(7)»M 

t fc. ^-/w KWt^iteic^J^^t ^-it 5 r ir J; o-C 
L E 5/ Wjt^tt^HfP ^ iirlS^^ Srif ^-r ^ 
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[0 0 5 1] (Ste4 0 4) LED^s/^4 0 3^5^i: 

saa^tisiuisiffl. m^^&t//j«®LEDiS/i^^ 

ffl(7)Ste4 0 3 i: LT(±. LED5's/7°4 0 3Xr/i:^ 

e^gi^gp^t if ir mm^^t ^^mmmm o 

10 i:gl5]-SS±(iii^|*^g$it?,t LED^:y^^^f5 

[0 0 5 2] L/'^^oT. mikma^^mi-ftcmmm 
^ 3 -T ^ y t~ t (D^m'^k^^ ^ i: f)mt 

•9 1« t^lf flgSS^^^? ii (c ^ if S „ r (dS 

1. ^mmux\ffy:^Mii. mmmmwixminj^ 
[0 0 5 3] m-. mM^mim(D^Aci6^^x7;i^i 

f-(4. mn^McO 9 0 ~ 9 6 ^|*%;jS7y^ ^ ■ff fe 19 , 
30 m^^mitLX^^. •7i/^>'>7. iJJV^yTR 

t;v-y;t;^^5 4~l Ofifi%^P$tll 5 0 0;5^f5 1 7 

0 o°C(D?a^t5ia-t?t^f^$*/'-fe7 5 j/^^m ^i^^ 
m^^w 4 0-6 0 fii%^s77i- ^ -rxmrnn tLx 

6 0~4 0fil:%(©i|]ii?5^i^, 7;^ 
)V:^7-yA V. i^vA S?iifij5^P$tL8 0 0~1 2 0 

QX,(r^m.%mx>m^^fz.-^y ? 2/^;^S«^-C'fc 
[0 0 5 4] itMStjw^'y-yi^- 

hSPgT'S^Wff^^c^irSri^^-CtSo E^il. i5'y 

40 i/^T y y if iiiii^,^Ji^<SJi|/^^ y ^- 
}^^t$*f''b(755rE^/<^-yi: LT. ^y-yv^- 

b }ix^m.mm-^^'7 y - yRiM^cC $-1^5 r ir 

-y ^y- h ^#Ji(c?g 19 -§-^9*5 ^ ir iflc i 19 L E D 
5^ $ its 1 P t g ft $ 

^- y _ ^y.y- y r ir -I:-[lgS#cWl P MJH^ce 

if^ff^j^-rsrirtBit^T-fes^ ^(DX.bf$.^'')-y'y 

- h $ *5 r ir i o -r ir 7 5 :y ^ ^ 
50 tl5„ */c. ^tim^S^$*/ct. gt$*TfflV^ 
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[0 0 5 5] tfc. §«ffi(Di/y-y~>-Mrfi, Cr 
2O3. Mn02. Ti02. FezOs/^if^i/U-Viy- 

M f*(c^^ $ -ti: 5 r t i o TffM ^ titcmmmmtc 
tt * Bffe.^ ic $ -ti: 5 r t ^5 -e # „ ^ (0 i 5 ffi* 

[0 0 5 6] mam^\^^^^xjAr^'otcmmit. ^^^^ 

U%(Dm^\t. 0. 3 mmli(±/5-^&* L < . 0. 5 mm 
W±2. Ommii(rt^5j;i9^ft LV\ 

[0 0 5 7] munwmumt. LEDf-'^y. n% 

\c^m^^ih(DXh^, Lfit^^X. LED^y-f^ 

#y mm }£x%mmm^ii i-ts i *ic l e 
m\^^'.zxmiWin^^tffix^. i6xi6^24x 

^tt^X^Z. m^muU(DYy V\fy^t^Amm^J.'r 
mt^'^^hmLxmk^ Yy V \i°y^m'Mzi, 

LED^^m. LED^yy^^ibmmt\mmir^ 
mmm^x ^ ^MmtEDT 4 4 -^s 
tir^:Ltr^x^i. LED^ yytmum^tmM 

*if?)tl5o ttc. y:^-'^^^yLED^yytitl- 
[ 0 0 5 8 ] ^fc. SlSitcffM^^fcE^t^fi, #S 

LED=^ yy^mm^&^h^mm^(Dm 
j^^^fih<D^^mM'^^ y^fs^im^iifmLxwM 

[0 0 5 9] (LED^^m) ^mmm<Dm^ 4:^ 
~ K^fflV>fcLEDS/T^^©-0iJ^^^1-„ *0||BJ{ij8 
V^T(±. efe^^)fegE«^*fflV>efiffl»LEDS* 
gSt1-5::tt-C-#5„ &llffl(DLEDS*Sfi. * 



(8) #11 2 0 0 0 - 2 1 6 4 3 4 

14 

iMia5^#-r5Ste±i^L EDf- 5/^x1/ :^-r-r y^'ap 

i:tirm^ir^^ tr>Xt^o ^LED^yymWi 
$-fr5lgillElSgtLED«/T^S<^tt. S^Wf'^^^n 

5o mmmm^h(Dtii:fjy<j\-:^icx^xm^<Dmmtm 
^^^m^iT4^yy4mtti^ttix^i. mmm^ 

RAM (Random, Access, Memory) 
t. RAM\cm^^fl^f-'^ii^hLEBm^^^m^ 

(Dm 5 ^ \^m^^^±i^(ommin^^mt^mmM 
-r. m'mm^Mj^^iYy^y<-tmt^o m 

mMi. RAMirfgtt$ti5r-i?^^f)|l*^E<0 
[0 0 6 0] :i(DXof£. aUffltDLEDS/T^^iiRG 
^i>tm-MWMitX^?>o t(Dtc^^ RGB(D^)feg 
ff^t«*^3^^©m^(-{£M$-ti: 
20 Wi^mU-f:Ltt^X^^o ^h\^s 

<mf^(D{m\mLx\^^. ot, *iii§0^(D^jii^j 

[0 0 6 1] 

[^MJ] mmmi) ±ll3fet-^^54 6 0nm(^I 
n... Gao.6 NitiJgf*^^3feli Lf::LEDf--7^*ffi 

TMG e^A) TMI (hy^f- 

30 7U-rvi^i!i'A) liT., 'SMlS:^R-a-Y-^<yV1S7.^ 

^^3rii7.hMm\^. MocYT)mxmtu^)'^-i>^ 

-/N^ h;*";^<ir LTS i t C pzMg ^^i9#x. 

t7T^TS«±(r(i, /^-y^T-l-r'fcSGaN^^ 
LT^lO^y^^ bST:-fc5ni!J?fmtt^t-r?)Ga 
N. %%mXh^ I nGaN, ^KD^yy YMXh^ 
pM^«14*^-r5Al GaN, W,2(D^y'^^ hmx 
40 fc5pS^S14^^1-5GaN<&^tl€tlJg^$*Tfe 

5„ pM^^^^d, ^)it4oot:j;ji_h-^T^ 

■f5)Sitc7)3 nmi LTfcSo ) 

^^iV^fdi. ^^{-J;i9^^fi|$-ti:^)fe^^t LT3 5 0 
/i © L E D f - -7 y ^ffM $ -tirfco 

[0 0 6 2] -15. m?iy^Ltcmmv~Yyy~j^i 

50 ff*>fe#(^J;'9ff^«$-frfc„ ff^^$tlfcll-K7l/-A 
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h ' v~ mm y-r- • y - k t . ^^ixm^^t- 

•7 ^ -t - x}s>tW / L «^ W^iii ^ 1& o /t„ L E D ^ 
5/ ^± t ^> y 3 - > A ^ L E D ^ 3/ ^ tLfc * 

•li:^ 1 y^^^fm^^tz. 

[0 0 6 3] ^mWlX Y. Gd. Ce«#±^^« 

Lxy-yitry^^-^j^^mLXi^mcmib. 

1 4 0 0° C roast's if rsl^^LXjififeB^BWco 

)^Scp"p**^-t:■d^-^^5;^L■r. m 

[0 0 6 4] l^m^tltc (Yo., Gdo.6 ) 3AI5O12 : 

c emi^4 omm. ^^^^^i^mm 1 0 omm^i:x 
<fi^LT^7y-i:$*/co rw^yy-^^-^y h 
• y-Fo^-y^^Tfes^i wn-T^y^mt^a 
A^i^/^o ftA'#. :^^*K;6s^^$tifc4tl* i 3 o 

°c^imxmt^^tco ^oLxm5 (b) mai. 
f)^t^^titc^2(D:^-T ^ y^'m>m^^tco ^ h 

^t^h'm-f^^^X^-}^ KWi LT^^fett^* 

<D ^ \c^%mw(D ^-r^y ^ ti^c y - k 7 
y~j^mx\jmt\^^if^'y^m^^^%x^. 1 5 o^c 
5 i$r«ii^TB!ft$*fe„ r 5 LTin 1 (nmrnt^wx 

[0 0 6 5] r 5 tT#f3ixfeefe^^^^)t^|g^<el§3t 

fco -feffi^S 0 8 OK. R a (j^^ttlti:) =8 7.4 
■kK-\^fu $^{-. Sy£;^^OS/0^f)l 8 Og^T'4 5 

fc(t5feit.'^.^aj£L/c„ I f=6 0mA. Ta 

[0 0 6 6] {m&\ 1 ) ^ \(ry-^-y-^ym^¥^)k 
^*T. m2(7)^-r^y^/^f|5(7)^^ffiv^T=>-T^y 

vmifm immi. mm i i iwi^t- Lt^k;!;' y 

yffH(Dm^'^it^WtLX (Yo.4 Gdo.e) 3AI5O 

mmM 1 1 mm\m^L±o w\m^mmm i tmc 
[0 0 6 7 ] mmm2) ¥yv-7h'j^:^mmw^ 



(9) #r?i 2 0 0 0 - 2 1 6 4 3 4 

16 

1 6x 1 6 K?/ h-v h ^y^(DmW^aUff)Y'-y ht°s/ 
^Sr3. Omm. muU%^2. Omm0. iP^^I^^; 
^0. SinmtL/;:^ ^ft(i4 8 mm^«»^t L^Co 

Ji(^fefc5y'y-y^>-bi^f±. Sfe(7):nyb7^ 

onmt. TSfil. 7mm(|). ±lSPiP^g{±2. 
3mm^Xh?)o 

[0 0 6 8] 4^^#:|§3fe*^T-fc5LED^s/^ 

t LT. i^3tt°-^:iM 5 0 nmCO I no.o5 Gao.ss 
20 N^#f*^jll^/to LED^S'^fi. gfeif^*/cf-7r 
^•tS^±i-TMG ( h y ^^;w;y~y TM 
I (hy^f^/Wyv^^^A) g^;?f^S.t/K- 
/^V h ^ ^ ^ y 7 i t . MO C V D t:- 

fiSc^-frfCo K-^^Vb;tf";^i LXS i H-, tCpzMg 

IX i^m^4o ox:&.±x7=--ju^^xh^o ) 

30 :r.y^y^\z.i: V) p n#4^^f*gffi^St±i$*/di. ^ 

0 Lxni^±f)i^tz'^mm^^^-^:^^y4y'y4 y 

if^y^^ym. ^mn-c^'om^^^t.. ^^25 

(C !7 ^ -t - 4^>r -< y y" ^ * 5 r t i 19 * 

t^tco iHgBi^roTSdtt, ^i<D:^~T^y^'^tL 

40 Ti/y n-yMj]i^Jr?iA^*i 3 o^c 1 mmxmit^^ 

tc. ^l(D=i-r^yi/g15(Dj?;9^{lB&0. 4mmt?feo 
[0 0 6 9] S/c. m^^Kll. Y. Gd. Ce©#± 

^*fco ^hmf&Lxmti^mmimt. mitr 

y^:^tLXyyit7y^=-<yj^^'M^L xm& KtB 
fe. 4 0 0° C(DU&X3mmmLXi^mau 

50 S^{^^^aLTffM^*fc:„ ffM^tLfc (Y 
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0.5 Gdo.5 ) 3Al50,2 : Ce^TfeifeRl Ofi»g|5. i/ 
y 9 0 fiMgp^ i < LT;^ 7 y - 1 

m^^^ $ fitcmm ^ i s o °c i mm -^-mit ^ * l e d 

0. 4mmT'fcoyho t.tc. rW^CDL EDS^^Wff 

Si L E D 7 y ffl ©T^V ^ W i itK LT;t|ii 

[0 0 7 0] ^(DLEUm^^t. Ati^ti^m^^- 

^^-mmcm^^^?>RAM (Random, Acc 
e s s. Memo r y) j^U^R AMf^Eit^ixST-^ 

[0 0 7 1 ] 

mmmwfmm 
mmmmmxh^. 

[02] (a 2 {4, ^mwMmi<D^yt^4^-Y^^* 
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* Ltcmmmmmxh^o 
[0 3] la 3 (4, ^mmmmmmm ltcle 
Dm^^(Dmmmmxh?>o 

[1214] m4it. E3(Z)A-Arrffii^*5it?>gB^^l^^ce 

[0 5] 0 5(4. 7^Slg0^(Z){1^ffl^I5^0J1-5f::fe(Z)m 
S^®fBlilT'&!9, BIS (A) (4, i;b|55(7)fc*(r/T^L/c 

mmmmmxh^. ms (b) 

^mmmmxh^^ 

I [0 6] g]6(i. ^Jg^Ji itbg^fjiw^Ptft^g 
1 ^^*i-„ 

[0 7] m 7 f 4, ^j£0ij 1 i itgsf-i 1 m^nm§: 

itm\ 1 ^^^t. 

101, 201, 401- • •^l(D=i~-'r^y^^ 

102, 202, 402 - • '^2(D=i-y'^y-!f^ 

103, 203, 403 - • •LEDf-yT' 

104 - • ••r[>yh-y-K 
1 0 5 • • • ^ yi-~ • y - K 

1 0 6 , 2 0 6 • • • m^W^jgggPIt 

1 0 7 • • • 

2 0 4- • • i^^mm 

2 0 7 • • ./N°<;/>5^-v> 

4 0 4- • -mm 

4 0 5 . • • ^#:iS|| 



[mi] 



[02] 
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[ F I ] 
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[ W f f If * £0 15 H ] 

-ft. m h E ^ y ^ (D ^ mm t ^ fh ^ nmm ^ ^ ± - n (D 9\-umm t . tfriELEDf^-;/ 
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^ II 1 IB ft c7) i§ s a c 
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II 1 IB ft c7) i§ jfe g a „ 

[ ft * II 7 ] ^it^' ^M.^it-^m^mi^^mytmt l tc w -^^^ i)'^ m m f£ l e b ^ y 

^ t . mL E B =^ y ±{cm.i-f htvfc=i ^ ^'U t . m B L E D ^ y (D ^ mU t ^ 



ti^timm^titc-n(D^^mmt^^-r:5miitmmxh^x. 













[ ft * II 8 ] -7 ry ly }. . y-K(P;»-;/-^F^tciBa^tt/c%7tJi;6S^^t:;^'y ^ M^^it^m 
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^^mw■r-h^*^^i'^?^^^m^£LEB^y■yt. mLEB^ yy^icmn htitcmyt'i^ 

[ if II 9 1 Bfj IB ^ - yi^ K l?P W jj: > X ff^ ^ T- fc ^ ?f >fe rj 8 \^%zm % ¥ 4 ~ 

[ft 1 0 ] M^WngPF^t^lBE^-frfeLEDf^y:/^. ffllBM^^^Ig^LED^y:/^ 

[ ^ II P Ift ] 

[ 0 0 0 1 ] 

[^0J©M-r?>K«^»] 

[ 0 0 0 2 ] 
[t^*©K^] 

^B. RGB (CJo^^T. 1 0 0 0nicdJ^i±{CtS^Sii)S 

l^\C%%^^il%%m=i- (J^iTLED^-;/^ttH9o ) ^JS^n^'HWH^n/Co ^ttii 

(R) . (G) . Wfe.Tt (B) L E y 

fe^3t$-ti-5^i:T7yl^;*7-LED^/T^|§^5^g$noofc5>„ ^cDj:5 7'=eLED«^^ 
fi| i L T 7 yi- ;t; 7 - ^ M B* ^ g M w {til . ^ - -fe ^ .i^ ^ ffl 5: ^ « .t^ *g ^ /js 5 

rB^^MEbTt3in^c<^^, r©ri^^p5#fcefe^/£<if©^--feLED«.T^^;i5ga$tt 

T 5> o 
[ 0 0 0 3 ] 

LED^-;/:/(i«nfc^feffiwt°-^^ft^W-r5o -^ofcfee-fe^?:?^'*^*^ 

i^S^-a-t-fi, RGB^B Y CD^lfe/i i- 2 ffi?Si^;l±ro L E D ^ y 

?fc^^-fc*5^^T«iK^TLt2ffl^^^i±©LEDf^■;/•7°*ffll/^-cefe^/^<!^«.^^$•^2)ie^^g^4 

[ 0 0 0 4 ] 

m.^^^Xilia,(D^f^Et^%%^^ti%%^ ^ ir- V h LT#r?l¥5 - 1 5 2 6 0 9^<&|R 

. #W¥7-9 9 3 4 5-§-<&#/£<if(Cl5«c^nfc:||)ti/'l';*--K^rjlllLfCo ^n?)©!! 

- K(Cj;oT. lS®©LEDf^S/:7°^fflV^Tefem/<Cifa^©|S3fefe^lS7t^ 

ii: 5 ^ i ^5 T ^ 5 o 
[ 0 0 0 5 ] 

W (i . IS 3fe S © ^ ^wu :¥ - ' Y ^ ^ V -f t^iz^ 1. B ^ y -f ^ ^) ~ Y y V - 

K (D %^\cm.n h i\,f^fl V -f }lfii }i o L E D 5^ 2/ 7" (i , L E D 5" 7° ^5 t-j- 

*^^^-r5^-^^K^$^4^/^iMiLED^s/•7°;4^6.®3t*®JlXL^«'^^-t-5*3fe#:*-a 
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[ 0 0 0 6 ] 

„ ^ <D ^ 0 fi^% ^ ^ ^ - V \t . &^^^%%-t ^ Y t \.xmm\^fcm^\^ 

[ 0 0 0 7 ] 

\. \. f)- h . ^ ^~ VKm^^ V • y - K ± ^ It y :/ /<e ^ 

fcLED^s/T'^O'^^ti^K^^S^-frSi. ?S3tffi soffits t3V^ Tfetffc^^tCSm-a-^ii- 
& 5 o J: 1? I¥ L < fi . 18 ^ m ay ffi fll E T L E D ^ 2/ :/ yjs la g $ tL fc 4^ g|5 W #L o 

e . g o v^ e if- <!: ^ i: s „ 

[ 0 0 0 8 ] 

^ 7t iW S ifi T -r « fS] i v^ 5 Pp^ H ^ Wf- S o * M . ± 15 PpI H * L 

% 7t m ?! ffi fcMt p tf p. ^5 ffi T < s ff s }c e ^ <b' ?s )t ^ IS 3t :^ 
- V ^ (D mij 'A ^ %m-t ^ ^ t \z h ^ o 

[ 0 0 0 9 ] 

[iSS*«?*-t-SfcfeO#^] 
T^i, LED^s/T'ro^miii^^tL^'tLgrc^iir/'-xtro^aimffii:, LED^s/T'iiC 
o^iro=i-x^:/i5^^i:. ^i(7)3-x^y^-'g|5±{ciE«$tLSi*(cLED^y7';5^ 
^'['^ (D ^ 2 (D ^ ~ ^ y if h tt^hf^^ . mJfBLED^y:/:i^g>jtica^tLfe»TIIjte 

[0010] 

[001 1 ] 











[0012] 




*IS0J»fl*ii4fciEic©|g3tSM(i. $p5S^LED^s/:/;i5f-7r'i'TSK±(:i?i^^ 








[001 3 ] 




*:|S?^©ff 5 {:i15«©|g3t3gg«. (Re,..SmJ , (Al,_„ 


G 


aj sO,,:CeT'feSo jfiL. 0^x<l. O^y^lX'h^. Refl. Y. Gd. 


L 


a. Lu. s c h f£ ^ u ^ ^ ^ fh ^ t£ < t h - m(D X h ^ o 




[0014] 












[001 5 ] 






L 



. mmLED^yy(D^mmt^ti^'timm^tit^-M(D^^mmt^^-r^mtitmsx 
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fe 5 o 

[0016] 

mm=^ ~^ ^ > ^'^it. f£ < t h - ^ L E D ^ y h (D ^ X X m ^ 

^ ^ Z t J: X M ^ ^ tc ^ t ^ i^m t -t ^ o 

[001 7 ] 

^ n » ft * II 8 izmMo mmm^yty-f^-vit. ^ h • y - k y :/ ^ la g 

^ tltzmytmi^^it^' V J^^.ib^m ^mi^X h ^^^.i^^yt^m^£ L ED^ y ^ t . 

m L E B ^ y ^ ± \c m n h ti fcm '\i n m 1 n =1 - ^ ^ > ^' u t . mm i (p =^ -v- 4 > ^' 
^±{cmm^ timBL E D ^ y y hiA m ^ titc^mytx&M ^ tix i^Mm^^ titz^m 

4 -y ^' U^^m-t ^ ^ ~ )\^ Y }l ^ ^ \. . mt^\.EB^y-f1i^h1k^^^fz^^%h. 
[0018] 

fe ^ o 

[0019] 

t (pm^^n^-r y ^ ^ ^ -f h EDo 
[0020] 

^m^mit. L E D 'f- y y <D m 1 (D =1 - 4 y y n t . m 1 (d =1 - ^ 4 > ^'^±i^-^ 

^^«^^-t^m2(D=i-T4>^'^t-r^^tKX^XLED^y^i^hiktii^^^^ 

(D^^-g:mi:mm^^^i&m^^^ ^ t{zX'oxm^mm(D-&mt^h^i&m^^^ t^ic'^ 

[ 0 0 2 1 ] 

(^ioT. mytm-Mmizisn ^^mts'h^Mm^T^^mx^ ^ ^ t i M^iiiL^mmmi: 
[0022] 

^m^momf^ic^-ox. ^mtfh^nmmT(D^m*^^mti^^tit^t^xitf£\^-^i^&.T 
ro^o<#x.^tLSo mh. mytm^*' hiAti\ ^ ^fc^n. m 5 (a) (a) 

, (b), (c), (d). (e). {f)(Dlm<m^f£^m^Ziktii^tl^. ^(D^of£ 

L EDf^?/7';6^t>*!ctH$tiS7fe»^Jt;4^S</^7fetS<^3feSS*;4^*< ^(75:^ 

J?), ^mtmic X ^xmytmwicmm^ ti^^m:^^mf£ 'o . &mti h i-^^^ ^ ^ 1 1 f£ ^ 

„ #{C (d) . (e) (D^MmXIt^^^A'^^^^tcib L E D y ib (Dyti^m^mWi^ 2: 

^ x'&S:^m^ti^yti^^< i-£^ . m%mm'^m-h^h^X'^mtihi)^^z^-r\^ K.h 

^% (f) fcSo ::<;5ct5/£3fe'bLED^5/^jga<75-feiltff,i^H{C/i5t#XLibn5o 
[ 0 0 2 3 ] 

l^j;oTLED^j/y;4^b(757t;4^RW-f!ca$tLSfiJ'g-;4^iix:So L E B ^ y -f'^ 



(5) 
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[ 0 0 2 4 ] 

A % (Dmmmm h-t ^ :l h \^ ^ '> < -ir ^ h \. E V) ^ y -f <D % 

(D w^ii ^ ^j^^ f£ < m m (D ^ nu L ^ 5 t « -c 5 „ 

[ 0 0 2 5 ] 

M.i^&0^£m^mWi(D-m t LX . y :f ^ ^ ^ L ED 2 iCTr^-t, ^y^^^^LEU 

m '=^m ^ m m t L tc L E B ^ y y M =^ ^ m m X ^ X y ^ y ^ > ^' ^ fi X 
L E B y (D^mm t ^%mm t it. ^ti^'ti^m^ m\^^x u ^ 
^-$tb-ri/^s„ m^(nLEB^yy±icmiff)^~7--<yif^t lx ^ i^mm ^ 
L^m^^tz. 2 ^ - ^ ^ V '!f % h \.x . iy ^~i^mm<r>m^^\c (Re,., 

SmJ 3 (Al,_yGaJ y ^ : C b 1k%m%^ ^ h (O ^ W, \ (O ^ ~ y- ^ V ^ 

33 ± ff^ ^ $ ii: e 
[ 0 0 2 6 ] 

%\ ro=3-^^^^~"iM2W3-7^^-yj^~|fl5fi. ^mmi^ i o T 5 o * /t . H 2 W $P 
B ^ ^ ^ H fij S #J E T g ^ fc la ^ ffi 4^ * i -5 o ^ 1 O =i - 7^ ^ ^' 33 ID ^* B !K * 
:L(D i. 0 f^n-^ii^lt. m 1 (D:=i~y^ ^ y ^'UXh^=r.^si^'ymm(D'^^mRXimit\^S. 

[ 0 0 2 7 ] 

(n-X-f^/^fPlOl, 102, 201, 202, 401, 402) 

ritcj: 19 LED^3/:/im7feti«/5^t>(75pI!a3t* + :9-^lfe':cif$-tirP>tL5t©-C'fc5o 

tLED^-;/^;i^?.ii5ttli$tb/c)tW)tifg*^;5^J;'9d'^^=e<''=e5J;5(cS(t?5tbTfe5o * 

fc. x < X b ^mmi&t ^^x-h^, Ltc-A>^x . ^-^^^^g? 

-x^^i/a3*^«$-ar5ritcJ;oT?l^^$-tirTtSv^o 
[ 0 0 2 8 ] 

HlO^i-T-^^^-gpiOli, m2(73=i-x-i'^^'f|310 2COS*tfl, 

v^#i|sf*fflv^5rt>5^$f*Li/^o ^ (D X 0 ^£ =' - y" ^ 1^ ^^i:mi^-r ^ Mi^mm^ t LX 

^i^=^;4s^f3i[^fflv^f>tb5„ S/c, m I <^ -y' ^ > ^'^RXIB 2 (D =^ - ^ ^ I- ^'^(DW?^ 
(1, ^i^^-i^^l:-C■'bS:V^L, M^'ioTt/^TtSv^o Ik K t L X . \.EB^ y-ft^ 

[ 0 0 2 9 ] 

v^o *fe^lJ*^^$^i-5^^;(cJ;o-rLED^y7"&t//X«:^3tt)K;5^f>c^7t*F;fS(- 
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mm t Lxit. ^ ^ >m^<') t7 . mit^i^ t/w 5 ^ a . mitmrn^^Hi-mi^ 

[ 0 0 3 0 ] 

* fc. ^ - ^ ^ > ^'^(n^umt. ^ - t m ]^ u n ^ ^ X t X L ^ m^j: 

UtLXhk^'o -y' ^ :^ ^^n^ ^^Uxmi^^-^tcm-^i^is^'X it . l e d ^ -7 

[ 0 0 3 1 ] 

\z X -ox mm^ thm^-t ^'^^!^n<D-^m^7i>'tti^ti^<D 3 m^^. # 

$ii-5iefe^ro|g7fefe^**tT5ri;;4^-e$^. ^ro/tfe^^tSSW^gptcfi, LED 
(D i 5 ^cCPStt. M^t^iJK i WJji'^c i' i oJt*^^*. S±A» <!f~ * ^ H Si" 5 = ^ 

[ 0 0 3 2 ] 

^ iC . ^ 2 (D =^ - 7^ ^ y f|5 (C fcMt ^ * 7t « O ^ ^ * ft . -Zi » ^ t ^ 

^ K ^ * ?i S /i^ « ^ (i . ^ ^ it * o * ^ © ^ IP ^ J; 19 S tt ic < < 
(c J; S ^Mk ^»SiJ L^-f 
[ 0 0 3 3 ] 

ffi ^ . ^ 3fe ^ K CO ^ 5fg- ^ ^ L E D ^ y * - ;^ K as W a E iMiJ (c ^ o T 5> ^ S ^5 
i« < ^cC S i ^ IS * W 7K 5> w # ^ S (t ^ ^ L E D ^ y ib W ^ fi . ,BS It 3S iS 
^.e ,^ IP J; 19 < « 3t ® O ^Mk * ffl] SiJ 1- ^ i t> -e # ^. o L fc /J^ o t . ^ ffl iS ^ 

ff^ ^ ^ -ti: ^ r i /55 -e # ^ , 
[ 0 0 3 4 ] 

^ J^Hm^tltc^ y V V ^ . T/U . 5/ h^3tfls:T-fe-5 (R e ,.,SinJ 

3 (Al,_yGay) 50i2:Ce (0^x<l, O^y^l. -ffib. Refi. Y, Gd,L 
a, Lu, S c h ^J: ^ m ^ ^ ^ ti ^ ^J: < t -h - m (7) yvm X h ^ o ) ^^i^^5^(fp3 
tl^o WIC. Ikytmmt LX (Re,_,SmJ 3 (Al,_,Ga,) ^ O , ^ : C e ^ ^ tz m 

D -7 :^ i Si- ^ ^l/Miifi^ LTIBB ^ tbScM BS,S i LT (Ee) =3W- cm'^SJ.±l 

ow • c m' ' ^y. T i^ ^ X -h ^ m m ic + fj: m ititm -r ^ m ^^mm t -r ^ ^ t X ^ ^ o 

[ 0 0 3 5 ] 

(Re,_,SmJ 3 (Al,_,Ga,) , O , ^ : C e ^ it . ~ y h m ^ <n tz . 
o *fc, |g3fet°-^'b530nm#ffi(Cfct9720nm*-e|lg*5l<:/o-K^<C|g3t;^-^ 

^'hyw^i^fcii-sripis-^-^So L;0^'b, m;?groAio-gp^Ga-ee^i-5::i-t^-|g3t 

^-^iyy hi- :^ (D X 9 icm.i^^mit-r ^ :i t xmyt^^mm&^i^mm-r ^ :i t i-i^m 
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[ 0 0 3 6 ] 

Z(D X 0 ^£^%i^it. Y. Gd. Ce. Sm. Al. L a RXJ^ G a (D W.^ t h X m it^ . 

X i-iM & x ^ M, i^mitm f£ ^ it^ m ^ m m \^ . ^ntb^it^mmitx + ^i^u^i^xw. 
*4 ^ # 5 o X . Y . G d . c e . sm<D^±m7im^i\:^mt^btxmi^mm\^tcmmm 
^mmx^itLtc-h(D^mi^i^xnhti^^itmi\:m t . mitr ju ^ ^ ^ mit^' d 

i^/£if~t^?l-a-LT?B-a-i^*4S:#?)o ^tUcyyy^^t L X 7 y it T > ^ ^ (D y 
5"fb%Srjil:^^LTJ#±ia}r|g*. 1 3 50-1 4 50'C<D?ag|EllT'2~5^ra 

:^ J* b T ;^ ^ ^ » . :^ ^ p"a €r * 4^ T' ^' - yi- 5 yi- L T . ^M. m,m. * ^ 

^ ii -r ^ t -t? # 5 r t -t- # 5 „ 
[ 0 0 3 7 ] 

mh . Al. Ga. Y. LaS.t;«GdJ^SinC0-^^*:*SMife52a^iJj^±(^ (Rej.^S 
mj 3 (Ali_,GaJ 50,2:CeS7t#:^^S-a>^*TRGB©JSB:^^)-^ii^-r^t 

[ 0 0 3 8 ] 

(LEDf-y^lOS. 203. 403) 
yy^ii. MO C V DmmiCi. <0 I nG a N#roi|^3g|$:;§r%7t«i LTff^^^-ti:?) 

[ 0 0 3 9 ] 

mit^ }) ^ j^^mit^m^mi^^^^ Ltcm-B-. ^mi^mm^^it^ y 7 ^ ^ . ;^t°;^ww. s 

(cfi-i^7r'i'-^*t£*fflv^?)^i;^5$f*Lv>o ^(^f-yr-i'-tSfeilcGaN. ain^ 

LTSi. Ge. Se. Te. C#^3il:^A-r5riy45^*LV^<, pMS^t:;!;'^ 
r>A^t£3$|$:;grf^)?g$-ti:2.^-g'fi. pSK-^-^VKT-fc^Zn. Mg. Be. Ca. Sr. 
Ba^SrK-:/^i±So 
[ 0 0 4 0 ] 

mit:)f V ^ j^mit-^m^mi^ii. p m k - v ^ ^ \f - l tctn-f x it p mit < tc 

i?) p S K - > h ^ A It . ^ J; 5 *P fi . S fl; ^ BB It ^ 7 X -r ,1 It ^ j; 19 T = 
- -r 5 r t -t? p M ^ * 5 r i ^ L V^ „ :r. y ^ > if f£ t' ic X ^ P mi^mi^RV^ n m 

xmm(Dm^(D^mm^mi^&^ ?>o 

[ 0 0 4 1 ] 

-> V ^" y - J; "9 K S 7 h -r 5 . X fi ^ 5fe i "9 IS ?t * ^ "9 5A ^ 

vi^t^^iimmmmm-r ^ ^ y X '0 ^mi^^ ^^^-i::.mibxm\^^ ^ 1:7 y 4 ^ y -( 

V (H,^) ^MxLfi*#g^^^r§|^^fc#. ^ J: o T :n ys - ;^ fIJ 19 ^ - 

h ^ y ^'Ji^zic ^ y h-r (D X 0 LXMit:ff V J^^it^^^mi^Xh ^ L E D y 

^ ^ i5)c ^ -it 5 ^ t T' # 5 „ 
[ 0 0 4 2 ] 
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ytm^?- (D ^m^i^Mlt 4 0 0 n miii± 5 3OnmiiCT^5 0 4L<. 4 20nmi^X±490 
nmWT^5j;i9 0^LV^<, h E B =f- t m ^ <^ « t (D <^ m ^ ^ ^ fh ^ [t^ ± ^ ^ ^ fc 
J6(Cfi, 4 5On^l^^±47 5nmi^T;i5$fe^C0*LV^„ /i*5.7|s:J^|8§^{C±iLTffl 
v^P.tL5LED^5'7°(7)ffi. m7fe#)«t:i5^)^2$-fri^ev^^v^^i, Bi ^ ^ fi X M ^ ^ K h 

t ^ „ 

[ 0 0 4 3 ] 

(•rr:7^-h.y-Ki04) 

-rt^^-h • y-Kl 04 fi. LED^iz-^l 0 3*ia«§lJ:5t*[C^)tt)®^iR^^-fr 

[ 0 0 4 4 ] 

-r^^h- y-K(75j:{2^W/<e«mteKiLTf±3OO;iQcmii(T^5 0*L<. i^^f* 
L<(i, S/iQcmiilT-efcSo ^fc, -7 >- h • V ~ ± icmW (D L E D f- y ^ ^ mW 
■f-S^^tt. LED^S'-/35^b©|iSi^»*5^<3^i;?)fcfei\e^S*5j;VNrt*S^fef5tb?) 

0 J:#:6^tC{i. 0. 01cal/cmVcni/'CW±;i5^f*L<i'9^f4L<{i 0. 5 
c a l/cmVcni/'CJii±T'fe5o r;ftf,©|fef4^^Mfc:-riH-i|Sf<kLT{i, ife, If, m 

[ 0 0 4 5 ] 

(-r^-^--y-Kio5) 

y-Kl05iLT(4. -rr^Vh- y-Kl04±}CiBfi$tvfc:LED^S':/ 

1 0 3 tmm^titcmmiiu ^ - t (T^mm^m^hoxh^o > h • y-K±[cii 

J^i-r5j£f^g^5fe^^ *#:W(C[±, -^i^^F- y-K^^fcSlti.5(rtJ§oT. y 

- (D 9 ~ y f ^ y ^ ^ ^ ^ iSm (D mm ^ ± ^ < -t ^ ^ t f£ t' X X -7 y h • 

X^ ^S14!7^-t-t©^^i!gffi©a^(4,^*tt^#itLTl. 6SJii±10SJ^i 
[ 0 0 4 6 ] 

y-r- ' V ~ V (D 9ci^U ^ m ^ (D jf^ m ^ ^ ^ fcub it . fcfc;5^Cfey-K-7^ 
?i^^$-l3:fc:^(c^>'-:h-. y-K±fl5©-g|5^iiJ5ri{cJ;oTJ^^^-B:TtSv^o 

[ 0 0 4 7 ] 

{K*tt;4S^V^rt;i^^*«)fctb5o Jr^^W/^SmiSfeiiLTfi. SOO/zQcmJiCTia^^* 
L<, i 19 4 L < (4 3 // Q c mJiCTT'fe 5„ r ;fL W * # ^ M fc -T «" )|S|- <t L T t4 , ife , 

[ 0 0 4 8 ] 

(m%^mm^u i o e ) 

mmW^^lFIJWT'feS^Stty^-lr-l 0 6 /it',!; LTfi. LED^^yi 0 3©Sat 
!SSirLT«0. 01cal/cmVcm/°C|i(±;4S$f4L<.i^$f4L<f4 0. 5 
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mtt y ^ -^-jS^^if tbSo J; 5 ^£*«14!7-r -^--tt. ^ L E D ^ :/£D i . ^ 

[ 0 0 4 9 ] 

( ^ - K g|$ W 1 0 7 ) 

^-y^K^^4■l0 7tt. ^^gK©{£fflfflj^t-^c?CTLED^s/:/i0 3. jSmtty-i'-^ 
-1 0 6. ^^mmti^^ ^titc=i-'r ^ y 1 0 2/£if*^g|5;i^fcf*»'f-5fcie){c$? 

(i. m%mm^■ii^h^xmn^^'^Pi^t^:}f^i^lhi:mmm.^^i^'^tcm^£t'i>im^fhi^l 

So ^fc. L E D^-y:7'>5^fc©^.**^$-&UVXff0«^^5^^}C*5V^Ttt. IS^Hay 
[ 0 0 5 0 ] 

^-yw Ka5$t cD:i:#:6^*tf4 i tt. ± t Lx :r.yt°^i^mm. y T«flg. ^> y =1 - y /=e 
e7i=.. ^{t:Sm^;45$fJg(c^^^^i^5o ^ ~ V t ^ - ^ y ^ ^ t ^ M ts: 

[ 0 0 5 1 ] 

( S ffi 4 0 4 ) 

LED^5/:/4 0 3 i^^mmm^fi^^Mmm. mnmnRUyi-mmmL e d m^m^(7^m 
m 4 0 3 t Lxit. LEB^ y-y 4 0 3 R xf m H m ^£ f t ^ ^ ^ « ^ ^ ^ ^ ^ ^ 
m» (D m^^m a ^ i m ii- tern i^^$.m m ^ i- ^ -h <n iiHjm m if h ti i> o ^(d x o 

[ 0 0 5 2 ] 

Lfci^ox. m'^mam^mi-ftzmi^mmm^^-t^mmtLXit. nmm(Dmti^%m 

n ^ ^ ^ -r ^ MB mm^^ n t L X it . ± y ^ y ^ :^mms ^m^^-^i^L^&mm^urL 

btLSo rtLpjcDSfeji. m^ma^ tmm^m t ^-i^mi^Mf^-r ^ ^ t i)^^mxh ^ 
, ± 7 ^ y ^ ^mmxitiim^ muff^mm . ^mmmxit-:^ i- ^mx. ^ mm mmmx it 
mm!^mi^x'omvtma^tmm^i^-»itLtiEEBm^^^mM,i^M!^^'t^^tii 

X^ :bo 
[ 0 0 5 3 ] 

¥fi^. mm&'^iim'&i'D .^.{cio^^^x T ^ -r ^ ^ t Ltc± y ^ ^ ^mm*'^ x ^ l 
o MW-^i^it. i^^mmmffi 9 0 9 6 mm%i^T ji^ ^ i-xh <o . m^^^M t Lx^m. 9 

^ . -7 ^ ^-iyr . fi iv yr R-(3 -ij m-ifi 4 ^ \ 0 m * % -^Jn $ tb 1 5 o ott^h i i o 

0 °C © fg. S ffi H -C S * * 7t -fe y ^ V ^ * 4 0 - 6 0 fi » % r yi- 5 

■:^-T:-SlgSft^'JtL-r6 0~4 0fii:%cDilS^ffi^. n-i^^y^K 7;e-yu;^xy^h 
. i=. y ^ h /j; jp Sti.800~i 200t:© ?aS«Bll T'Sg ^ * -fe y 5 ;^ S « 
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^ fe 5 o 

[ 0 0 5 4 ] 

^ (D ^ 0 fj:mmii. mi^m(D ^- V h^mx^m^ nm^Jik^ t ^ ^ t mm 

t . ^ V -i^iy- h t'xmm(Oj^'Ji^\z:^ ^ V -ly^m^j: ^ 

tfj:t^icX^LEB=^yy^W:yt^'S:^^^^^^ma^i:i,^^{cm!^^^^^ti^iX 
Ltzi^^X. HM^^^?LgroM^£ 5 ^ y - h *^s-r 5 r i -epg^^roii P 

nmm^j: }f^mi^-r^ ^ th-^mx^?>. ^ <d ^ o ^j: y v ~ > - h ^ ^ ^ ^ ^ t \c 
x^x±y i y ^ :^mm7!>^m!bfi^o ^ ti th ^ ^ ^ tz.m . mm ^^x m^^x 

[ 0 0 5 5 ] 

l^tz. mm^(D -ly iy~ h iCii. C r 2 O 3 . M n O 2 . T i O ^ . F e ^ O 3 /<e if ^ ^' y 

->'y-h^i^ic^^^^?>^tiz^^xmjs.^ntcmmm^tnirivu^^ic^^^zt 

t^X^ ^ (D X 0 ^J: M m'S ^ W ^ tc mm a . ^^h7;^h;i5[^±LLED^5/-:/^^^t 

mK<^m^^ ^ 15 n Atc^ ^ ^ t t ^J: ?> o 
[ 0 0 5 6 ] 

M P ^5 ^ o T J£ o « M , Zf£^KMm^\^±^^?>^tiiX^?>o Hfl ^ M P ^ 
OWigff^^tt. L E D ^ s/ ro^5fe<75ti*?:ii{t 5 ft (cSWicii L^cS^ 

± £D X - - ^ L ft ® . X Pg^ « /55 ^ (f f> tb 5 o 4 > Hf] t»t r^l P §(5 <Z) ^ $ « ^ 1 

y-;as?5StbtB2>(Z)^K±-rsi*(c. l e d y h o ^ mm l mm x (d 

[ 0 0 5 7 ] 

i:-' ^ 1^ 33 (C ia H $ it t ^- & , L 7t o X . L E D ^ <;/ 7° * i^V ^' ^ K ^ -e S 

^^fc^£if~-r?>i*icLEDf^i/7°t(D«^6^^gg^i7^^-#yxV^^'^=ei-T:-^6tb5 
ff ft + '^e # $ ;S5 tb « a o Hf] M p fl5 « . m m IZ^ \^ X m^B i1- i ^ t X ^ . 

1 6 X 1 6^2 4 X 2 4(7) h y ■y^y'^^ilJS^c^it-a^iitR^i^Sr t X ^ 5 

0 Dfl M P 35 CD K y h t° 5/ ^ 4 m m « T » i« IB ^ « ^ {- fi . 5S # 5^ « 5t ^ ^ - K 7 

>':/>§:^^-r ^m-B- 1 i:tmLx±mic k s/ h t° -y ^ ,11 l /c t » t -r s r t ^- ^ 5 „ 
4 , ^ (D ^ ^ f£ mm ^ m tc L E D m ^ m i-i . l e d ^ :/ » j^c t4 1 m s -r 5 a 

^<Z)PBlM^fil^T;-^5ftSi^LEDx-i';^-7°l/'fgMt-rSrt;05-e^^„ LED^-yT" 

1 * « J£ 35 i W K # [i ||!\ 51 -14 ^» |g <!f i o T ^f 5 ^ i -C- ^ S o A ^ « . .if ^ 

Ti^yyVl»ll^-r5KW/il':e<!f^5^(f?3tb5„ S^c. 7:jL~^^^^^LED=^y 

[ 0 0 5 8 ] 

* fc, S « ± ff^ $ i£ ^ . ^ « * . L E D ^ ^ ^ ^ t( K ;is IB $ i^ S S « J£ 

^ <D m ^£ ^ \^ ± ^ ^ ^ tc 1^ m . m. e^. ^^°7v^">A^mp5<o-&^*^# 
^ / y ^ mm^£ t' m L X m !^ & ^ ^ ^ 1 1 X ^ i> o 

[ 0 0 5 9 ] 

( L E D iSTj^gg) 

*ii«0^ro«7t^V^-K^fflV^fcLED«^:^ro-f3SJ?:7]5-ro ^m^m :^ X it . 6 
fe5S^^gfiro.^*ffll/^eilffl<©LED«*^St-rSri^)T't?)o eHHfOLED* 

/T^:^tt, ^m^m<D^^mmxh?>^^v-f ± - v^-^ h u y ^ :^^^£ t'i~iMimLtzi,<D 
"^mmciz^cxnim^ntcm'^own^^-r^mm^i^LED^ y:fRxi='~y' ^ ^^'^ 
^ ^ -r ^ m !^-r ^ ^ t X ^ ^ o ^ l e e> ^ y -^^mm ^^mmiMi^ t l e b t 
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t2'IS$-&5RAM (Random, Access, Memory) h ^ RAM(Ct2ti$ti 

h^myc^ . |5gBlSJWle]S&«. RAMtcE1t$tLS7=~-^/5^p5^3tSmo,^tt-BfrBl^ 
[ 0 0 6 0 ] 

Z,(D fl. eMffi»LED^,1^:^ttRGB(757/P;^77-a,T^:^iM^cC?)a^ll]SS«^* 
ffiPI&{kT'§5i*[Cii5ift^{k-t?#5o ^<Dfz.\b. R G B (D|§3t^«(D#tt(Cff 5 ^tf ?3 /.C 

^ t ^- 1 5 J5 « * « i (73 g ^ « ^ . ffi ffl Hf r^i ^ « -r ^ t *5 T:- # 5 o s p. . 

* (7) * . ^ ffi l.^ L E D S 5r i:k A M >pf -r S $IJ /> < -ft B# M (7) ^ 

© PS S $ 5 t> t? (i r t fi 1" 5 * -e o 
[ 0 0 6 1 ] 

( * ft 1 ) 

±^*t°-i^;55 4 6 0 nmO I no.^G ao.6N#2i#:^^)tJi<t LfcLEDf^y7°^ffiV^ 
fco LED^i/^fi. a?t^-y:fcf-7r'i'i'S«±tcTMG (hy^5^/L';(fye'i>.) 1i ^ 
, TMI (hy^^/w^^v^^t^ix) ;ff;^. m.mii t^'ElXJ' ^<^y Y U ^ ^) T13 7. 

tt^^-t-2.^fb^'y ^7A^^^{*iPM5*«tt*^-r5^ft:;tfy -^A^i^iff^iLfCo f- 
7r^Ta;ffi±(^(i. /^y7r-ii^■^)5GaN*^^^LT^l(753y^'^ hSTf-feSnSy 
2*att^^-r5GaN. :^^JiT-fc5InGaN. mi©^7 5/KjiT'fe?.piy2*«tt^ 
^-rSA 1 GaN. W.ld^^^y^ ^ hST?fc5pMJ*«'l4*^-rSGaN*^tt^'tL?F^J^g 
$-&T&2.„ (T'.edo, pM^#^(i. ^)li^4 0 0 °Ci^±TrT::i-/l'$-&Tfc5„ *fc. 

^ y ^ \-c X, V) p n4^j»f$«ffi^»tB$-frfcm. 9 v^-fe(cj;i9#1111^-?: 

. ^;^ltCj;'9^>*iJ$-&l83t*i^<t LT3 5 O /im^(DLEDf^5/y*?F^J,fe$-&fco 
[ 0 0 6 2 ] 

-^r>^f> . 3 — Y n 10 y -f ^ -t ^ . io y-f\Z.\t^ I. Y. ^ ^ v -f ^ K 

g -gr ^ $ ti ^ # =3f ~> ail iJ'V # L „ L E D 5" s/ :/ « ^ « ffi ^ b 

^ISofco LED^s/y±(r->y 3-^^A*LED^S/y;55^a$tLfc;&5/y±(raA 

[ 0 0 6 3 ] 

^Tt^t^Sfi, Y, Gd. C e W#±S7£**{t:^»^Jt-Ci?tc:^iii| L/£^)|fffi^?i^T:-* 

tt^-frfco r tL^^fife LT^#?5tLS*tfc^{t:ti i . ^ ^t: T /i- 5 'i' A i ?i ^ L -r ?i -a- i?. ;|6f 

0 0 t: (7) ?a ^ T:- 3 H# fig L T ^ fife n^B ^ t# fCo ^ fig fp ^ 7K 4^ # - /l- 5 /l- L T . gfe . ^ 
il. fttI(c®*aLT?F^fig$-frfCo 
[ 0 0 6 4 ] 

ff^fiic^tLfc (Yo.4Gdo.6) 3A 150,2 :Ce:t3tl*:4 0m»a5. n.#:ar'>^tlglOO* 

»^^j;<-/s-g-Lrx7y-t$-&^c„ ^©;^7y-*-^'>vh • y-K(7);i;s/yi^-efc 

5^1(7)r3-x^^^'a5±lc:ftA$-&fc„ aAf^. «7t!t^H;5'^^^$tt/ttril^l3 0°C 
«^ 1 B# PeI] T:- ?! $ „ r 5 b T 0 5 ( B ) O < . ^ 1 (7) - ^ ^ ^ ^" 35 ± /¥ $ #^ 0 
. 4mm(7)m7tit^K;5S^^$tL^c||2(75:i-7^^^-y-a5;55?F^J5g$ii:fCo LED^ 
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5'^^^3t#)KSr^a3^^. 7k'^Rum^^£ }i^^h^m-t^ nm'r:-^~ji^ v^u t Lxm 
yt\t ^ ^ m m ^ m ^ ^ tz ^ ^ - K 35 # fi . 5S # s M # ^ ^ ^ #3 ® 3 - X 
4 :y ^~^t^Mf^^ ntz V - ¥7 u-j^^WAi.mtftit^^i^^mm^UAm. i 5 o°c5 
mmicxmit^^fz. ^5 l x m 1 <d tiu ^ m ytmmx h ^ m y ^ :^ ~ ^ m ^ tz. ^ 

[ 0 0 6 5 ] 

:i5 L X n h ntc & m yt^ m ^s: m yt V ^ :t - V (D lEm h ^ & m . m^'\±^ ^ ti^^ 

tlWl^LtCo ^?aS8080K. Ra (^fettJt^) = 87. 4^^^L/Co ^Pji-. SIJS 
,^%Og;4^?3 1 8 0g*-e4 5g-^o|g^gM<7)tf3.i:,>_t^ja5j;5{C#S,$-y:^±fil,^(r^3 
ItS^^^^SIJ^LfCo *fc. If=6 0inA. Ta = 2 5'CT'©*^^^^=fTo^c„ 
[ 0 0 6 6 ] 

■^tiMM^ tltz:h y ■^^^(D^iC^^mW t LX (Yo.4Gdo.6) 3Al50i2:Ce^3t#: 

-gr^wii^aALsg^k^-Brfco r5 h X m ^ ntc^ v ^ - v <D ^ M.Rum^ 
(c^ov^Tfi. mmm 1 ^mmi^'Lxmi^xh^o 

[ 0 0 6 7 ] 
(HJfe^J 2 ) 

H ^ p SI5 (i ir ^ ^ y^^mmmmmi-mmm<nf£\.^iim^^v -yy- h ^ms-r^ ^ 

txmiil^^tc. 1 6 X 1 6 K -7 h -7 h y ^ « QD ^ §i P 93 C7) K -7 h t° * 3 . 0 m m 
. m a^mi: 2 . Omin<I). m Q^m ^ ^ 0 . S mm t LtCo ^*tt48inm^(^S«i 

i. y) jf^ ^ ^ tc , V - y^y- hit. mf^.-a-i^^x mj^ ^ ^x h ^ , fj:^. a B Itr 
htc^VV-yiy-hKit. mm(D =1 y h y ^ h ± (D fz !^ icm it ^ n 2>. ^ ^ ^ ^ X h 

?.o ^ ti m'i^ ^ ^ ^ ^ t X ^ X ± y i ^ ^ m ^ ^ tz o gEIIJittK5/h-7h 

m^Ltz. /£*3. [iWStt<^iiPfl3#(i. TJidl. 7miii<I). ±M^mD^'^lt2. 3m 
m $ o 
[ 0 0 6 8 ] 

^mi^m%m^Xh^LED^y:/tLX. ±|S)fet°-^^5 4 5 0 nin(7)Ino.o5 

y ^ ^ /V y ^7 A ) ;^ . T M I ( h y ^ ^ > ^ A ) ^ ^ S * ^ & r/ K - 
y h;tf^^:3e^yT;«f^t*{ii)IL. MocvDfeT'g{k;(fy ^ 1^!^ 
^^^zticx'omf^^'^tz. v-y<yv:ffy^thxsiH,tcp2Mgt. ^wom^ 

M.i^mit^^mf^Lpnm'^^mi^^^tZo (^£*3. p§a^*ft:tt.^)lim4 0 0'Cii^±T' 

T=-~Jl'^'^Xh^o ) 

^^-y^^-i^'trj;!? p n#^^f*:affi^^m$-li:fcm. ^ y< -y ^ ]) y ilf m X <0 ^ mU ^ t 

. ^:iji^^^';^m^^m%m^tLXLED^y^^w^f&&^tz^ z (D^^^.ff^myt^m 
fj: L E D ^ y y ^yf^^ ymmxmmm aM\H<Dm^<Dmmicy ^ yy" ^ y . m^M. 
fk(^j;'9@^$-&fco ^ (D m 2 5 ti m <D ±m ^ L E D ^ y y (D ^ mm t . mm±<D§im t 
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